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PREFACE

The shortage of text on magnetic tape, for both
research on language and for operation of information-
retrieval systems, has caused great difficulty in the
past, But now, as a by-product of a pilot machine-trans-
lation project, the Air Force is producing a large amount
of text, and print readers and automatic type-setting
systems are almost ready to furnich more text than current
facilities can accommodate.

Text on tape is an unstandardized commodity., Many
scliemes have been suggested for encoding and formatting
information about source, type style, and other important
features of text., As part of its continuing work in

linguistics, The RAND Corporatione~in collaboration with
groups at the University of California, Berkeley, and the
Faculté des Scicnces, Grenohle--has developed a scheme that
goes somewhat further in scope and flexibility than its
predecessors. Several large collections of text are being
put into the format described here, The computer programs
being written at RAND to manipulate the format are avail-
ablc to others who may wish to avoid duplicating all or
part of the work preliminary to linguistic resecarch,
literary scholarship, or information retrieval when compu-
ter support is required,
This Memorandum is intended for prospective users of

the scheme and for designors of language processing systems,
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It assumes little or no previous knowledge of computation
or linguistics, and omits many details of programs--some

of which remain to be worked out.
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SUMMARY

This Memorandum describes a scheme for recording text
in computer~usable form in such a way that all meaningful
typographical distinctions are represented in a standard
way. Provision is made for texts in different languages
and different alphabets and for subsidiary material such
as pafallel franslations and comments of interest to users
and librarians., The basic set of encoding conventions
is indefinitely%extensible to accommodate new kinds of-
material,

Very large bodies of data require special facilities,
and these have been provided by embedding the text encod-

ing scheme in a general file maintenance system, This

- provides for a comprehensive set of 14bels for different-

sized units of text and mékes it easy to retrieve any
given unit, It also provides means of correcting and re-~
vising material in the file,

It is expected that files of computer-usable text
will be built up in a variety of ways and, in particular,
that the keypunching of text for this express purpose
will become steadily less important, Computer programs
are described which simplify conversion of text from these
various sources into the standard format,

The final section discusses the problem of printing
text which has been recorded in the standard format and

describes a flexible program for doing this,
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NATURAL LANGUAGE IN COMPUTER FORM

1, INTRODUCTION

The use of cohputers in linguistic and literary study
is rapidly becoming more widespread and the natural aver=~
sion of humanists in gsneral to mechanicil methods is
decreasing as the proper plage of machines in their pursuits
becomes clearer. The amount of material that the student
of language or literature must consider in the course of
a single study is typically large and usually must be
worked'over many times,

The fortunate scholar can delegate much of this
drudgery to students and research assistints; the yet more
fortunate can hand it over to a machine. A linguist
needing examples for a grlmﬁar, a lexicographer citations
for a dictiénarr. a lawyer references for a brief, a
preacher quotationa‘for a sermon, can find them in con-
cordances and indexes prepared by machine or may have them
eiprosliy sought by ; conputerQ Words and phrases, rhymes
and assonances, dactyls nn{'ibnndses,:ndripts and
ﬁluporfects. can be &ockotod‘ couﬁtod; and cohpared.'with
never a comma missed., One manuvscript can be compared
with another and the differences classified; the works of

several suthors can be surveyed and evidence for the

attribution of disputed works collected; bibliographies
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can be created, maintained and searched; sentences can Se
generated and parsed; all this and more can be done by
machine if programs are available and if the texts are
in a form that the machine can read. But there's the rub,
Proﬁrnmming is long and exacting work requiring much
skill and experience. This is particularly true of the
programming of non-numerical tasks, for programmers are
rarely well trained in the appropriate techniques and the
many aids and devices which are taken for granted in more
traditional numerical computation are largely absent here,
However, this situation 13'1mproving rapidly as a result of
new programming languages and techniques that are being
developed. Powerful andlflexiblg programs for cgrrying

out the kinds of operation needed by linguists and literary

. scholars will shortly be available in the libraries of

major comﬁuting centers, just as those required by stntii-
ticians and ﬁhysiciats'aro now, A scientist is rightly
dissatisfied if he must devote a significant proportion
of -his time to preparing computer programs, 'A humanisf
should be all the more so, since programming is clearly
and properly alien to his background,

Collections of powerful linguistic brograms are
indeed necessary, but they can be of real value only if a
satisfactory solution can be found to the problem of

obtaining texts in a form the machine can read, This

problem is in many ways more vexing than that of programming
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and is the subject of this manual. Hitherto, it hs always
been necessary to type out any text to be processed by a
computer on a special machine which produces a coded copy
of it on punched cards or on paper tape. This is particu-
larly burdensome since the gains in speed and accuracy
which come with the use of computers can all too easily

be offset if large bodies of text have to be typed out by
the researcher or an assistant, proofread, corrected, and
modi fied.

There are several developments which may be expected
fo ease the heavy burden of typing and keypunching. The
first machines capable of reading an ordinary printed page
qqickly and accurately are now available, There is great
demand for them and they will rapidly become better,_
cheaper, and more widely used, Also, it is becoming clear
that the business of producing books and periodicals will
benefit greatly from mechanization. Some publishers are
already preparing texts in machine form as the first step
in their production process, Corrections, line adjustment,
pagination, and the final typesetting are then carried
out mechanicslly. The tapes or cards used in the final
step of this process can be appropriated by research
workers as input to computers,

As text coded on tapes and cards becomes more

plentiful, libraries of such materials will dzubtiess be

established, as they have been for micrefilm, phonograph records,
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and the like, Each year, the chance will be greater that
the text required by a particular scholar will already have
been put into machine form,

This brings us face to face with the central concern
of this manuale-the question of standards for naturale
language text in machine-readable form. As we have seen,
computers can be expected to become part of the everyday
equipment of linguists and literary scholars only if there
is widespread cooperation among all concefned. Mechanical

data processing can serve linguistic and literary studies

"as it ought only if programs and machine-readable text

become as public as books, phonograph records, and films,
However, to make a commodity public, it is not always
sufficient to put it on the open market, A phonograph
record which had to be played at 54 r.p.m. would not be
really public; neither would an otherwise perfectly normal
English newspaper if the letters on each line were arranged
from right to left instead of from left to right. It is |
therefore important that there be genersl agreement upon
the form in whi.' information is to be published.

Standard forms are already fairly well established
for the grosser aspects of machine-readable mnéerial. The
size and shape of punched cards are standard, and most
manufacturers of computers, at least in the United States,
use the same size of magnetic tape and the same kind of

associated recording equipment. Most punched paper tape -
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conforms to one of four standards, of which one is slowly
gaining the ascendancy. Machines are, however, available
which can be used to read paper tape of all four kinds.

On the other hand, there are not yet any standards for
transcribing texts in ordinary language onto any of these
media. How shall chapters, sections, and paragraphs be
set off from one ~nother? How are titles, subtitles, cap-
tions, and footnotes to be represented? What is to be done
with scientific and mathematical formulae? How shall the
distinections among italics, boldface, and underlining be
preserved? What of accented letters and unusual alphabets?
These are, of course, questions which arise whenever we
transcribe anything but the simplest kind of text on an
ordinary typewriter, fof an ordinary typewriter can make
onlf a limited set of marks., But where the computer is
concerned, we are denied the typist's ultimate resort of
inserting exotic characters by hand. Furthermore, the
conventions used for the computer must be carefully chosenr
and meticulously followed because the computer does not
have the human facility for msking inferences from context
or for overlooking minor inconsistencies of convention.
Cood conventions are difficult to establish, and this is,
in itself, good reason for having a standard, well-designed
set which all may use.

But how can standard conventions for recording text

be established when the physical form of the media used



varies from place to place and from time to time? Some
people use cards and some paper tape; some feed cards or
tape directly into the computer whenever they wish to pro-
cess it, whereas most first transfer material to magnetic
tape or disk, which can be processed mbre rapidly by a large
computer and is more easily stored. A limited amount of
information can be punched on a single card, whereas there
is much greater freedom with tape. This disparity is
indeed troublésome, but less so than at first appears, If
large libraries of machine-readable text are to be built
up, the principal storage medium used must clearly be
cheap, flexible, widely used, durable, compact, and

of essentially unlimited capacity. Among the media avaii-
able at present, magnetic tape best meets these criferia.
Furthermore, as we shall see, the fact that text must

be recorded on cards or paper tape before transfer to
magnetic tape is an advantage rather than a drawback of
this medium, '

Consider the case of a man who is working on the New
Testament and wishes to use a computer to perform certain
operations on the Greek text. A general set of texte
encoding conventions must clearly provide for texts which
use the Greek alphabet, even though machines which have
these symbols on their keyboards are rare., Normally, n
transliteration scheme must be used at the keyboard and

a computer program used to convert this into the standard
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format, The person who does the typing or keypunching
can choose the transliteration which he finds easiest to
use, and he need not concern himself with inserting marks
to warn the machine that certain characters are to be
interpreted'in special ways. In any case, a program must
be used to transfer the text from the medium on which if

is originally punched onto magnetic tape, and this program

" can be made to do all the necessary conversions., The pro~

gram can be provided with a table telling it that the tift
is in Greek and giving the transliteration scheme; it must
also be told how chapter and verse divisions are being
marked and various other clerical details of this kind,
The important point is that the standard format need not
be an additional burden to the typist or keypuncher., On
the other hand, the designer of the standard format need
not be constrained by a concern for the typist. A truly
general set of coding conventions is unlikely to be easy
to read and write, and it is therefore well that it should
never need to be handled in its full complexity by anything
but a computer program,

Printing text is, in many ways, similar to typing it.
When & computer prints a text, or the results of some
operations on a text, it must not be required to follow
a single invariable set of rules. Here again, a program
intervenes to prepare results in the form most suited

to the user's needs, using his own conventions,
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transliterations, and page layout, Magnetic tape is just
sufficiently remote from the everyday concerns of the

user to provide him with the generality and flexibility

he needs without troubling him with all the details,

These details are, of course, given in full in this
manual, but the reader should bear in mind that they need
concern him only in the initial phases of a project, Once
he has decided which of the facilities provided in the
system he needs and has set up the necessary input and print-
ing progrems, he is free to work in his own way. In Sec. 4
and 5 we give examples of the kinds of typing and printing
conventions that can be used and explain in greater detail
how conversions are made between these and the standard
form, | |
If a library of machine-readable text were set up

for the benefit of a number of users or if one person had

a particularly large amount of information to process,

then the question of how to keep track of it all would

soon arise, It would be necessary to divide the lines of
text into units analogous tc chapters, books, and collec-
tions of related books, FEach of these divisions would

have to be appropriately lgbeled so that it could be referred
to easily and found when required; so that material could be
changed, corrected, or modified; and so that other material
could be put in the file before or after it, With such a

system would come the need to store a new kind of information



which would not be true text but rather information about
the text--names of sections, acquisition dates, names of

people who have modified or corrected a certain piece of

text, indexing information, and so forth., All these things

‘are provided for in the scheme described in this manuai,

in the form of a simple but powerful set of overall con-

ventions called the catalog format; this is described in

Sec, 3.
The reader who is not familiar with computers or

programming will find that parts of this manual will not

be clear to him on first reading. These parts concern mate-

rial with which the linguist or literary scholar will need
to concern himself only if he intends to become his own
proﬁrgmmer--a course which we cannot recohmend. This is
a manual rather than a textbook and therefore contains
much information for reference only. A programmer who
sets to work to write basic reading and writing programs,
updating and maintenance systems for libraries of text in
the format proposed will, of course, have to work back
and forth through these details time and time again,

Much of this basic programming work has been done for a

few computers,* and the programs are generally available,

*IBM 7040, 7044, and 7000,



«])n

2, CODES

A printed page contains letters of whatever sizes,
colors, and shapes the typographer's art puts at the
service of author, designer, and editor. A magnetié-tapen-
as furnished, for example; by IBM=--contains nothing but
a very long Sequence of binary digits {bits), ones and
zeros, blocked in units of 6. The purpose of the somewhat
complex codes described in the present section is to
simplify the representation of textual matter in binary
form, One should not attempt to keep in mind at every
moment the configuration of 1's and 0's that represent,
say, a Greek alpha or a mathematician's integral sign. Nor
would it be convenient to specify a 10=-, 1ll-, or 12«bit pat-
tern for each of the thousand or more characfors that must

somehow be represented,

2.1, Hollerith Characters

If we use six bits as the basic unit, there will be
exactly 64 distinguishabie patterns, and one of 64 characters
can be recorded in each unit, Since it is inconvenient
to write out 6-bit patterns in discussing machine operation,
" the customary scheme is to use octal digits to stend for
3-bit patterns, Table 1 shows the correspondence, Thus,
the name of "000000" is "00", the name of "000001" is "O1",
and so on. The name of '"111111" is "77", A reader who is
not familiar with binary and octal numbers can best regard

the 64 names assigned in this way as perfectly arbitrary.
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Table 1
BINARY PATTERNS AND OCTAL DIGITS

Binary Octal Binary Octal
000 0 100 4
001 1 101 5
010 z 110 6
011 3 111 7

The 64 characters can be copicd from magnetic tape into
the storage device of an clectronic computer, and copied
from storage onto tape. Only 48 of them can normally be
printed on paper for a human reader; for many years, brinters
controlled by punched cards were designed to print 48 dif-
ferent marks, and the tradit.on has continued, The 48
standard marks include the letters of the Roman alphabet,
the ten decimal digits, a few marks of punctuation, arith~
metic signs, and a blank., The other 16 characters that
can be recorded on magnetic tape but ere not normally
printed are designated here by their numbers, Table 2
associates the binary patterns, the octal equivalents,
and the 48 "Hollerith" characters that we have been dis-

cussing.
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Tradition is strong, but modern necessities are
stronger, The 48 Hollerith characters are no longer the
only ones that can be printed. Other sets of 48, sets of
120, and even sets of 240 are now obtainable. In fact,
direct output to machines with all the flexibility of
Linotype or Monotype machines is possible, This very
powerful printing capability provides added incentive to
develop a flexible encoding scheme. We return to questions
of output below,

Since the design of most computing machines compels us
to work with 64 primitive characters, we have two feasible
alternatives for the recording of ordinary texts in which
a much larger character set is used. We may represent
each distinct printer's mark with a sequence of two or more
recordable characters or we may adopt the functional equive
alent of the case shift on a typewriter, When the shift
lock on the typewriter is depressed, the effect of striking
8 key is altered., Each key is associated with two'marks;
one mark is obtained when the machine is in its lower-case
shift, the other when it is in upper case, The number of
shifts can be increascd beyond two, and their use can
be extended, for example, to the differentiation of Greek

and Roman letters,
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2.2+ The Roman Alphabet

The 64 recordable characters are distributed, by
standard machines, into a set of 48 that can be printed
and a set of 16 that cannot, We take 15 of the nonprintable

¢ characters as alphabet flags. The flag for the Roman alpha-

bet is (octal) 35 = (binary) 011101. After an occurrence
of this flag, all following characters on 8 tape are taken
; to represent letters of the Roman alphabet until another
alphabet flag occurs to signal a shift into a different

3 alphabet./

: The#koman alphabet is intended for use in transcribing
English text, as well as French, German, Portuguese, Rumanian,
: and others, The 26 letters of the English alphabet are
therefore supplemented by ten diacritics, Most punctuation
is excluded from the Roman alphabet, to be kept .in another
(a "punctuation' alphabet), but one mark, the apostrophe,
has been retained,

Five characters are used to identify special fonts of

~type. These identifiers can aiso be thought of as shift

: indicators., They can be used singly or in combination to

1 modify the characters in the current alphabet, The absence
of any font identifier is understood to mean lower case, |
standard font, An identifier is reserved for upper case,
aﬁ;ther for italics or script, a third for bold face, one

for larger type than ordinary, and one for smaller type.

Strung together, they can identify words or phrases in
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several font combinations; e,g., bold-face italics, all

caps small size, large-size italics, Three characters are

used to identify séquences of marks that arerprinted as
superscripts or subscripts with respect to the ordinary
line or with lettey spacing in the European manner. Still
another character is used to identify the end of' any one
or combination of the shifts described here,

To complete the set of 48 recordable characters, the
Roman alphabet includes a space and an unassigned charace
ter,

As examples of use of shift indicators within the
Roman alphabet, consider the following encoding; the
first line is from source text, the second is Hollerith
representation of the characters on magnetic tape:

Werseek the colperation of all men of good will,
1W9EB SEEK THE CO=OPERATION OF ALL MEN OF GOOD WILL
C'était 3 1'époque de NAPOLEON que 1e héro est né.
1C9 ' (BTAIT )A L' (EPOQUE DE INAPOL(EONS QUE LB H(ERO
EST N(E
Smith® and Jones® have disagreed violently,
1SOMITH6A9 AND 1JOONBS6B9 HAVE 2DISAGRERDY VIOLENTLY
In these examples, terminal periods have been omitted from
the Hollerith representations. Punctuation belongs in
another alphabet and would require flags, use¢ of which
is demonstrated in Sec, 2.4, Table 3 recapitulates the

coding of the Roman alphabet.
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Table 3
CODE: ROMAN ALPHABETA

: Letters Discritics | Shifts

[ ' TO H|{TO H|TO H| ToO H T o M
§ A21A|J41J|s625| 674 ( |upper case 01 1
g B22B|K42K|[T63T o 34) Italics or script 02 2
§ C23C|L43L|UG64U| o 13 = |Bold face 03 3
g D24D|MA44 M|V 65V P73, Larger size 04 4
? E25 E{N 45 N|W .6 W| 820+ |Smaller size 05 5
g F206F|046 0] X 67 X 3 53 % Superscript 06 6
z G27G|ParpPlYyT0Y 0 54 Subscript 07 7
% H3H[QsoQ|z71z| 833, [Letter spacing 10 8
; T3 I|RSIR|*" 14 *| 340 - |Shift terminator 119
§ 6 61/ |Blank 60

8Column headings: T = text, O = octal, H = Hollerith,

In German text, B is encoded as ’3-62. i.,e,, S with cedilla.

p In the presentation of diacritics in this table, the letter

: o is used only to provide a base; the diacritic is encoded

: independently of the letter it accompanies, as on a typewriter
with dead keys,
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2.3 The Cyrillic Alphabet

The Cyrillic alphabet, used for transcription of Russian
text, includes 32 letters, Since no diacritics are needed,
there is no difficulty about fitting this alphabet into a
set of 48 recordable characters. In addition to the Cyrillic
letters, there are represented an apostrophe, a blank, the
shift indicators used in the Roman alphabet, and the termina-
tor needed to identify the end of any shift or combination
of shifts., Five characters are left unassigned. The code is
given in Table 4,

i Table 4
CODE: CYRILLIC ALPHABET®

TO HX ) TO HX| To HX | T 0 HX
A1 'A | W31 1J] T5S50QT | B 67 XY
B21AB | K34)K| Y51RU [ B 70Y "
B22BY | 2 41JL| #538F |5 Tz,
P23c6 | MazKkmM| xsanx | p 73, (
B24DD | RA3LN) mezsc | g 74 (=
E25EB | OAAMO| Y63TH |+ 13=)
E26F* | 14 NP| m6aUW

32762 | P46OR| m65VQ

W30HI | carps | 566w

-~

Column headings: T = text, O = octal, H = Hollerith,
X = transliteration., Shifts and blank are treated exactly
as in the Roman alphabet (see Table 3), No Cyrillic diacritics
are provided,



3

-18=-

In the following example, the first line is from source
text, the second is Hollerith representation of the charac-
ters on magnetic tape, and the third is Hollerith«character
transliteration of the tape records, Again, alphabet flags

are not shown,

[IyuoK TPOTOHOR M3 SAGKTPOCTATHHNOOKOI'0 IeRePaTopa
1IN9RTM) NOMQMLMB HG ZJE)QOMPQ'QHTEP)MCM CELEO'QMO'
1POUHOK PROTONOV 12 ,LEKTROSTATIHESKOGC GENERATORA

2.4, Three Special Alphabets
The Greek alphabet has been coded primarily to permit

transcription of mathematical texts and others in
which Greek lettors are used to denote special concepts.
Thus, although an alphabet flag has been assigned and
Hollerith characters specified for recording the Greek
letters on tape, the characters printed are not uniformly
satisfactory as a translation. See Table 5 for this code.

The variety of spécial marks used in commercial and
scientific text is so large that it is necessary to define
a full set of Hollerith characters for them, The arabic
numerals, signs for dollars and cents, arithmetic symbols,
and so on, have been given code characters (see Table ¢),
with 17 more characters available.

The following example illustrates the use of the
symbol alphabet. Alphabet flags are shown as underlined

octal integers.
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Table 5
CODE: GREEK ALPHABET®

Letters Diacritics
TO HX | TO HX| TO HX | TO HX| TO HX
A21AA | H27GY | N44aMN | T628T | 674 ((
B22BB | p30HY | 245NC | 763TU 2 34))
r23ceG | I3 11| 04600 | 064 UF | & 14 °
A24DD K 41 J K m47 PP X 65 VX § 53 ¢ 1
E 25 EE A42KL | P50 QR | v66WQ 820 + +
126 F1 M43 LM ]| ZS51RS | a67 XW| 813 ==

&Column headings: T = text, O = octal, H = Hollerith,
Shifts and blanks are treated exactly

X = transliteration,
as in the Roman alphabet (see Table 3).
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CODE: SYMBOLS®

Table 6

Numerals Arithmetic Symbols Shifts
T 0 H T 0 H T 0 H
0 00 O $ 53 $ ltalic

or script 62 S
1 01 1 L 54 ®

Bold face 63 T
2 02 2 23 C

Larger
3 03 3 & 21 A size 64 U
4 04 4 = 13 - Smaller

slze 68 V
5 0§ § * 20 +

Super~- _
6 06 6 - 40 - script 66 W
707 7 x 44 M Subscript 67 X
8 10 8 ) 24 D Character

spacing 7 Y
9 11 9 v 33 .

- 8hift
’ 73 , terminator 71 2
] 47 P
Space 60

8Column headings: T = toxt, O = octal, K = Hollerith,
The period and comma in this alphabet are used as a decimal
peint and a digit position marker respectively and not as
ordinary punctuation. -
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They paid 317,0b0 for them, 85% of $20 thousand.
351T9HEY PAID 55$17,000 3SFOR THEM15, 5585% 350F
55820 35THOUSAND1S.
Here the uhderscored numbers are alphabet flags: 35 for
Roman; 55 for symbols; 15 for punctuation.

Some builders of text files will use the Greek and
symbol alphabets to transcribe precisely the symbolic
ﬁaterial in their sources, Others will prefer to shorten
their labors by using cover symbols to replace complex

expressions. They may feel, nevertheless, that it is

“important to differentiate classes of complex expressions

according to their ranges of syntactic functions, In
transcribing Russian text at RAND, we adopted this pro-
cedure and defined an alphabet of cover symbols, Table 7
describes this alﬁhabet, and an editor's manual” describes
use of it, Others who uéé’cover symBols will presumably
need to establish categories appropriate to their own

purposes,

2.5, Punctuation and Boundaries
An alphabet of punctuation marks is included in the
present system to allow unambiguous representation on tape

of the many marks that occur in text. Table 8 lists the

marks for which characters have been assigned; 17 additional

marks can be added to the alphabet at will,

’Edmundson, H. P., et al.{ Studies in Machine Trans-
t

lation - 4: Manual for Pre-editIng Russian Scientific Text,
The RAND Corporation, RM-2065-1, revised June 1961,
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Table 7

CODE: COVER SYMBOLS?

Text Octal Hollerith

‘Fractions, dates, Roman numerals 0s ]
Degrees 0501 51
Degrees of latitude or longitude 050101 511
Hours and minutes (when written

with subscripts or superscripts) 050102 512
Percentages 0502 52
Numerals preceded by ordinal

sign ("'NEM, "#", etc.) 0503 53
Numerals followed by single letters 050301 531
Bibliography - reference numbers 0504 54
Cardinal numbers ending with "1"

except "11" 0505 55
Cardinal numbers ending with "2"

"3"’ or ll‘l" except "12"| "13"'

and "14" 0506 56 -
Cardinal numbers ending with "o"

or "S" through "9'", and the

numbers "11" through *19" 0807 57
Ordinary technical expressions 06 6
Chemical expressions 0601 61
Table (when part of sentence) 0603 63
Reference asterisk 0604 64
Relational symbols used alone N6oSs 65
Ordinary relations 07 7
Chemical relations 0701 71

[continued on following page]
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Table 7 - Continued

Text Octal | Hollerith
Ratios 0702 72
Half relations 0705 75
Chemical half relations 0706 76
Plural indicator 64 u
Space' 7 » 60

dthese symbols were designed for recording articles
from some Russian scientific journals. This accounts for
the classification of numerals by last digit. A symbol
code followed by the plural marker indicates a sequence
of symbols of that type. This alphabet is indefinitely
extensible as other applications arise.
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Table 8
CODE: PUNCTUATIONZ

Tex*t Octal | Hollerith

( Open parenthesis 74 (
| ) Close parenthesis 34 )
é n Open quotation mark (double) 21 A
§ " Close quotation mark (double) 22 B
; ' Open quotation mark (single) 23 C
g ! Close quotation mark (single) 24 p
j [ Open brackets 25 E
: ] Close brackets 26 F
g < Open double angles 27 G
g » Close double angles 30 H

. Period 33 .
% 7 : Colon 3 I
: ' Semicolon 41 J
, ' Comma : 73 )
§ - Hyphen 40 -
é -  Dash 47 P
g 7 Question mark 42 K
g { - Open-question mark (Spanish) 43 L
: ! Exclamation mark 44 M

i Open exclamation (Spanish) 45 N

»e+  Ellipsis 46 0

/ Siash 61 /

Space 60

8Shift codes are the same as in the Roman alphabet
(see Table 3), except that no upper-case shift is provided.



) ice sva given special status
- for the benefit of editors who choose to mark sentences
and paragraphs in their text files. These two boundaries
are represented by two characters in a bouhdary alphabet

(Table 9) which is ctherwise free for uses yet to he

TR G T AL S e Gk o038 e oL e e AORT TT  t e Hie  oT

toer

defined,
Table 9
CODE: BOUNDARIES
Text Octal | Hollerith
Beginning of paragraph 47 P
Beginning of sentence 62 S
60

Space
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2,6, PFlags, Shifts, and.Fillers

Some of the 64 characters that can be recorded on
tape are used to represent printed marks; the others are
either flags or shifts, The flag characters are not said
to belong to any alphabet; the shift characters belong
to every alphabet, although they have no obvious use in
the alphabet of cover symbols., This difference reflects
the fact that shifts are part of the linguistic descrip-

tion of a text, whereas flags are only a computational

device.
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Flags are defined because our tape machines record
and recognize 6-bit patterns. Only flag characters have
independent definitions; the meaning of a flag is always
the same, regardless of context. Each flag signifies that
the following nonflag, or text, characters are to be
interpreted by reference to a certain alphabet, Table 10

shows the flag codes and the alphabets that they designate,

Table 10
CODE: ALPHABET FLAGS

Alphabet Octal
Roman 35
Cyrillic 36
Greek 37
Symbols 55
Coyer symbols | 56
Punctuation | 15
Boundaries 16
Filler 77

The shifts that we define are graphemes. It is true
that their use could be avoided if we had a sufficiently
large set of recordable characters, but using them has
advantages beyond mere reduction of the size of the charac-
ter set., For cxample, consultation of a dictionary is more

convenient if the same word, printed in normal type in one
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place and in bold face elsewhere, is spelled with the same
characters in both places., Isolation of a bold face
grapheme gives us this advantage without losing the infor-
mation about type style,

The shift graphemes could have been defined in several -
ways, Thus, the range of a shift could extend (i) over &
single letter, (ii) over all letters up to the following
blank, (iii) over all letters up to the next shift, or the
next shift in a given class, (iv) over all letters up to
a terminator specific to the given shift, or (v) over all
letters up to a generalized terminator. In our choice of
the fifth plan, three criteria of simplicity were relevent:
size of alphabet, lengih of text, and complexity of rules,
Plans (i) and (ii) would save one'charactor,,the terminator,
but lengthen the text; and plan (ii) would nbt permit
encoding of, for example, "unhappiness". Plan (iii) would
require introduction of a'gggmgl shift, perhaps several, in
place of the terminator, Plan (iv) would call for more

terminators; it would tend to shorten text, as when a word

is italicized within a bold~face line, but such occurrences

are rare,

It is important to understand that shifts can be used
in combiration, For example, we have already noted that
bold-face italic can be represented by two shift indicators
preceding a string of characters, but it is also possible

to use a string of identical shifts to represent an extreme
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degree of an attribute. Thus,

X6Y6Z

represents x¥2, and
©X6Y7Z

represents an occurrence of x with a superscript composed
of y with subscripted z, Of course, if the occurrence
of z were back on the principal line, the encoded repre-
sentation would be

X6Y92

In similar fashion,
LOOK

encodes a word in normal-size type,

4LOOK

encodes a word in large type,

44L00K

encodes a word in still larger type, and 30 on. Naturally,
the ocditor of a text will not attempt to distinguish more
sizes than are essential to retain the meaning.

Of the 64 characters recordable on iape, only one
remains to be explained; it serves as a filler, The 6=-bit
patterns on magnetic tape are recorded and read in groups
of 6. Naturally, it is not always possible to code a
segment of text so that the number of significant charac-

ters is divisible by 6, nor would it be advisable to use



T AT

BT T T VL A et i 2 35 M S

blanks, which might have an unintended significance.

Hence octal 77, with no Hollerith equivalent, is set aside
to serve as a filler, To illustrate use of the filler:

If a segment of text should require 63 characters for
recording on tape, there would be 10 groups of 6 charace

ters each, then one group of 3 characters plus 3 fillers,

3, ORGANIZED FILES OF TEXT

The user of a file of text on tape will sometimes take

the largest available quantity and handle all of it uni-
formly, collecting, without regard to source, all the in-
stances of a phenomenon that interests him, For other
purposes, he will need to discriminate in some way; he may
choose to examine only introductory paragraphs in scien-
tific articles or only articles on a certain subject or
only dialogue in plays and novels or only titles, To
serve him well, text files must be organized and labeled.
In Sec., ‘2 we described the tape representation of unorgan-
1zed units of text, e.g., printed lines; here we go on to the
representation of organizational features--conventions for
assembly of many lines of text in a Chineses«box arrange-

ment that we call catalog format.

Instead of proposing special formats only for text, we
apply conventions that are equally appropriate for diction-
aries, grammars, and other sorts of material, We thus save
the cost of writing many primitive computer programs to syn-

thesize and analyze statements about form; independent of
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the substance of the catalog, such programs deal only with
form. If it were necessary to write new programs for

files of different materials, we would be temp;od to
simplify the organization of each file. Since the catalog
formats can be used for every file, wé feel free to elaborate

the organization of each file as far as profitable.

3,1. Maps

A catalog is a collection of data. BEach datum can be
large or small, but the datum is the smallest manipulable
unit for the programs that ope.ate on catalogs as catalogs;
the content of the data is the substance of the catalog.
In & text file, most data contain representations of text
in the code given in Sec. 23 thesé deta are called text
entries and each can usually be assumed to contain a line of
text, The organization of the file is accomplished by data
called labels, each marking a significant group of entries,.
These labels are nested at four levels: A collection of
entries is called a section and labeled; a labeled collec-
tion of sections is a division; a corpus label is applied
to a collection of divisions; a text file is a sequence
of corpora and has no label, Any entry or labeled group
of entries can be annotated in description data.

The catalog~management system uses diagrams like the
one in Fig. 1 to specify the form of a catalog. The dia-

gram is a tree; at its origin is the label for a corpus
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Level
0 Text File

] CL

2 o)) @
; o) (50)

4 SD

2020

Fig. 1—Map of a text file in catalog for mat
{see text for explanation of symbols)
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(CL = corpus label). Under this node, on the second level,

are two data-class names, CD = corpus description and

DL = division label. In these remarkable maps, a single
data-class name stands for an unlimited number of data of
the named class, just as if one airport on a map of the
world could stand for all the world's airports. This
simplification, which enables us to draw one map for

all catalogs of text before even the first is constructed,
is feasible becau;e the catalog-management system

imposes enough conventions to guarantee that cvery datum
can be found when the map is followed.

To complate our inspection of Fig., 1, let us use the
map as a guide to the preparation of a magnetic tape, We
can record only one thing at a time as the tape unrolls;
we use the map to decide what datum to take at each stép.
Starting at the top, we record a corpus label, Next we go
to level 2 and begin at the left with a corpus description;
if several data of this class are to be recorded, we take
them one after another, When all description data for the
corpur are on the tape, we move to the next node on the
same level, which in this map is a division label. We
récord the first division label for the corpus; perhaps
we intend to record several divisions, each with a
lahel, but we must take everything in the first division,
that is, data of all classes named under the DL node

in the map, before rccording a label for the second
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division. Thus the map requires that when we have recorded
the first division label we move at once to level 3 and
record division descriptions (DD). Since there are no
nodes under DD, we take as many data of this class as we
require and then proceed across level 3 to node SL. Record-
ing the first section label, we move down to level 4 and re-
cord our first text label (Tﬂ), down to level 5 for a text
entry (TE), and down to level 6 for a text description (TD).
Now we are at the bottom of the map., The next datum
to be recorded is another text description for the same
entry, if any; otherwise, another text entry with its text
descriptions under the same text label; otherwise, the next
text label within the section. When the last toxt label
in a socction has been recorded, followed by {ts text entries
and their descriptions, another scction label goes on the
tape, What follows the second and each subsequent section
label is just like the material fonllowing the first, with,
of course, no restriction on the number of text labels
in any section. When overything pertaining to the last
section in a division has been recorded, a new division
is begun with its label, description data, and so on, When
everything pertaining to the last division is on the tape,
a new corpus is begun. The end of the last corpus is the
end of the catalog.
In Fig. Z we present an expanded map with one node for

each datum, and a diagram descriptive of material entered on a
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Explanation of 1i:# datum

This datum identifins the whale file

o [V ] ~ w ~

| | ! | [

I ! ! I |

} | ! |
—-——-+—-——1_—_t——._1-____|->__.

This dutum labuls the first corpus In the file

. _: |
S SISV OPNPIE SN SIS S
H 4| I ' l +

A duscription of the first corpus

This datum lobels the firnt division of corpus "one™

A description of the first division

This datum lobals tha finst section of cotpus “one”,
.. . dlvision “one

A description of the first section

Furthar descriptior

Thiy dolum labels tho firsl text of corpus "one",
divislon "one", secilen "one”

This datum containy text

This dotum describes the text antry - -

This datum contain text e

Thls dotum desceibes the text -3 |

This datum lobels the second raxt of corpus "one™, T }__ O
divislon "one", ection "ene” ]

Thiy datum contaling text

SR

This datum desctibes the text

Thiy datum lobely the vecond division of corpus "one”

A description of the second divisian

1

|

|

!

\
YT U [ B,

)

T This dotumn lohels the Tl swction of corpus "enn”,
e Bl liign Ttwe”

| }
...‘-...:.._._'...-...}..

A dercription of the flest yection

Thiy dutum lobely the fitst text of cotpus “onm™,
_division “two",; sectlon Yone”

TR,

This dolum contelns teal

This dutum desceibes fhe text entry

- .~ - -
This dufum lobels the weond text of corpus "ome",
division "tero”, section "one

This datum contains text

This datum describes the taxt antry

this dotum lobels the second cotpus in the file

A descriptior of thy second corpus

T dib—10

This datum lobels the first division of corpus "twa"

b e ¢ e h e s e e i e

A description of the fint division

~'..fiz_i‘l-ao.|6;1‘l—obels the first section of corpus "two™,
division "one”

A descripticn of the first section

Fig.2—The tree structure

of a sample catalog
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corresponding hypothetical tape. The figure is to be read
like a diagram of syntactic dependencies; each node governS
those on the level just below and connected to it, and ecach
noede is associated with a segment of the tape diagram by a
dotted line,

The main outlines of the map for text files are obvious.
A corpus is an enormous block of text; for example, all
the Russian text prepared for machine processing at RAND
is recorded as two corpora. A division in this corpus
corrosponds to an issue of a journal, to a book, or to
some similar publication unit, Each section is an article
or chapter. Descriptions arc optionsl and contain what~
ever information a particular user feecls to be nocessary,
The description of a corpus can tell in what language it
is written, what center produced it, and any other informa-
tion which would be useful at this size level, The descrip-
tion of a division can specify a scientific discipline,
give bibliographic information, and the like. The descrip-
tion of a scction can include, for example, the page numbers
of the original publication, Text labels are used to dif-
ferentiate titles, subtitles, authors, summaries, footnotes,
body, and the like. They also identify page and line in a
way that makes checking the source convenient, Text descrip-
tions, on the other hand, are used for annotation of a
freer kind., The map shows that several entry data can
follow a text labcl; this device permits recording of inter-

linear texts, in which the first entry under a label contains
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an original-language line, the second a translation, and
so on., Since text descriptions are connected to text
entries, not to text labels, the original-language line
can be described in one datum, the translation in andther.
The catalog-management system permits null data, Al-
though the map shows a text-description datum under each
text entry, this facility would not be equally convenient
for all users of the format. It would be wasteful to require
every user to insert descriptions, wanted or not, for the
sake of those whose text must he described. A null datum
occupies no space on tape; it need not be mentioned during
preparation of a tape file, and it does not appear when
the file is consulted., Thanks to this technique, programs
for manipulation of text need not be altered when descripe
tions are added or deleted; descriptions can be added to
any file without alteration of the map (which is the same
for every text file) or conversion of programs; and a library
containing some text with descriptions and some without can
be scanned from end to end_without special attention to
this variation,
Data of any class can be left null. For example,
it would be possible to record data for several divisions
within a single corpus without recording any division
labels; the results might be bad, but the boundaries between

divisions would be discernible nevertheless,
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3.2. The Data of a Text File

Form and content are clearly distinguished by the
catalog~-management system. In Sec. 3.3 we describe the way
the system uses data to control form; here we examine the
several classes of data in which the substance and organi-
zation of a text file are recorded. They are the classes
named in the map, Fig. 1.

Lach text entry is a string of characters, encoded in
accordance with the rules of Sec. 2. Since each entry is
independent of all others, each must begin with a flap
character,

Description data of all types are encoded as text;
Sec, 2 applies to them also. It is thus possible to
write descriptions with all the elegance of the printer's
art, while at the same time a single complex of programs
will suffice for the decoding of all data in a text file,

The labels are written with Hollerith characters in
restricted formats., Let us take them class by class,

Corpus labels, Each datum in this class consists of

72 characters. The first 24 constitute a corpus name;

the remainder are for notes, As many of these characters
as desiied can be left plank (not null!). 1f descriptions
are for scholarly use, notes within labels are for use by

programmers and librarians. Here the manager of a text

file can indicate what corrections have been made to a corpus,

what special procedures have been applied, and the like,
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Division labels, The length of the datum is apgain

72 characters, but only two sre allowed for the name of
the division, all the rest being given over to notes. The
purpose of the restriction on name length is to encourage
a8 brevity that will be gratifying to all who must write
division names repeatedly in instructions for correction,
scanning, or analysis of texf. The notes can be used for
an expanded version of the name, or for librarian's records.

Section labels. The same format is used as for the

division labels, and with the same argument.

Text labels. It is intendod that a text label be
written for each line of original printed text. Since a
file will contgin a great many text labels, the length of
each is limited to six characters, The first character
is a type symbol, the remainder an entry name. The type
symbols, listed in Table 11, are redundant in a certain
sense; they could presumably be reconstructed from the
spaces and shift symbols contained within the entry,

Since the program for the reconstruction job would be com-
plex, and since users may often want to exclude titles,
authors' names, etc., from a search, the redundant symbols
have been inserted, _

The entry name included in the text label is 1large in
order to permit organization below the level of the section.
For example, the five characters can be used for page
number and line number, or for scene and line number, or

in whatever manner is natural to the text being recorded.



.39-

Table 11
TEXT TYPE SYMBOLS

T - Title A = Author

S = Summary E - Editor's Note

M - Major Section lieading I -~ Intermediate Sectionlﬂeading
N - Minor Section lieading B = Body

F « Footnote L = Bibliography ("Literature")
D - Stage Direction P ~ Speaker (Drama)

3.3. Control of Form

The structure of every catalog is described within
the catalog itself by means of control terms. We need only
sketch these terms and their functions here, since the
catalog~management system deserves separate treatment,
Indeed, what we have to say about them is of interest mainly
to programmers rather than to linguists or others who want
to record text in the system, The programs described in
Sec, 4 make use of control data in reading catalog tapes
and construct them when data are recorded, but in many
applications it will not be necessary to do more than take
the programs as written and put them to work. |

A catalog is recorded on one or more reels of magnetic
tape, We estimate that a 240n0~-foot reel of tape recorded
at IBM's highest density will storé about 1.5 million running
words of text without descriptions, but some large text

files will require more than one reel. As we have said,
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information is recorded on tape &s a sequence of 6-bit
characters, and these characters are read and recorded

six at a time, A physical record is a sequence of 36-bit

spans preceded and followed by blank tape. Since the

space left blank between physical records is long enough

for the storage of nearly 600 characters, it is good economy
to make records long. On the other hand, a complete physi-
cal record must be read or recorded without pause; hence
programmers must always set aside enough Space in machine
memory to contain a record, and memory space is a precious
commodity, Our compromise is to limit physical records to
2400 characters, including control data, but this figure is
arbitrary and limits may be set to meet needs of users,

The first physical record of each catalog is a control
record, and the last is an end-of-file mark., The end-of~-
file mark may be followed by another control word beginning
a new catalog unrolated‘in sny systematic way to the first,
On the other hand, it may contain other information
recorded in an altogether different format., The point is
that the catalog structures av. confiped within the
boundaries set by end~of-file marks,

Two control data are stored in the control record at
the beginning of each tape, The first is a management
datum, the second a map datum,

The management datum. This datum consists of exactly

four 36-bit spans, used as follows:
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(1) Record size limit. Tﬁe number of 36-bit spans
("words") allowed in one physical record on
this tape, written as a binary number, ™"

(2) Date. The date of writing of the catalog,.rey'
corded in Hollerith, with two characters each
for month, day, and year, '
(3) Reel number. Tﬁe sequence number of the reel-
of tape within the text file, recorded as a binary
number. | o
(4) Repeated data. The number of content &ata
repeated (from preceding reels) at the start
of this one, | ' -

The fourth item is needed hecause a uéerrmny wish to use a

single reel out of a multi-reel text file, When he does,

he must idontify ihe first new datum on the selected reel
as standing at a certain node in the map'of the catalog.

To enable him to do so, the necessary data-are répeﬁted

from reel to reél, but the number repeated is not constant,

Item (4) shows where the new material on the reel begins,

The map datum. The symbols in the map of the catalog

are listed here in & definite order., A symbol is recorded
before those below it in the map, and those below it before
those to the right. Thirty-six bits are used to descfibe

each data-class:
(1) Data-class name. Three Hollerith characters,

vasa

or 18 bits,
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Code. The set of rules torbe used in encoding
of decoding a datum of this class is identified
by one Hollerith character. B = Binary,
R'?-Regular (or RAND; the code of Sec, 2 above),
or others to be defined. , | k
Empty. Three bits not presently used.

Level, The level number of this data class in

‘the map, recorded in binary, 9 bits,

Since the map is given at the beginning of each tape reel,

it is possible to use any reel out of a file without

special arrangements,

™~

We now turn to the assembly L data into physical’

records,

Each datum is required to fit the Procrustean

bed of machine memory, with its 36-bit cells, We describe

;he control terms added to records as prefixes and suffixes;

when they are taken into account, the physical record also

fills a wholé number of cells,

The datum control prefix occupies 54 bits, as follows!

(1)
(2)

(3)
(1)

‘binary number, S

Bmpty.' The first 3 bits contain binary zeroes{
Datum length, The number of 36«bit cells ‘
filled by this datum is given as a 15-bit
Empty. The next 9 bits contain binary zeroes,
Data-class name, The class Qf this datum is

identified by its line number in the map at the



beginning of the tabe reel, given asra 9-bit
hinafy number,
(5) Preceding implicit level (PIL). This is defined
‘as follows: (1) The PIL of all data on level 1
is 03 (11) The PIL of the first datum dominated
b§ a null datum-is the PIL of the dominating
null datum; (iii) Thé PIL of evéry other datum.
is the level of the datum that dominates it,
‘This is given aS a 9=-bit binary number, _
(6) Own leve1;~ The ﬁap level of this datum, given
as a 9-bit hinary number.

These control terms allow generalized catalog programs to

. find boundaries of d1}1levels in 8 catalog tape, no matter

_ hoﬁ‘many data in whatever combinations are null. The lqngth

of the datum is used in determining where the next prefix
begins. - -

The datum control suffix occupies 18 bits, as follows:

(1) End of catalog, A single bit, 1 if this is the
 last datum in the catalog'and zero otherwise,

(2) End of tape. A single bit to mark the end -
of a reel,

(3) End of physical record. A Qingle bit.,

(4) Datum length, Same as item (2) of the datum

control prefix.,



A N W R T B T L

- PR, 3 LRI R e A ST T e el R TN

Rl st R

The end markers have an obvious use in programs that read

catalogs.

The datum length is given in both prefix and

suffix in order to facilitate reading from end of tape to

beginning as well as in the normal direction.

The data, with their prefixes and suffixes, are put

together, with a record control prefix and suffﬁx to

complete a physical record.

The rocord control prefix occupies 90 bits, as follows:

(1)
(2)
(3)

(4)
()
(6)
(")

- (8)

(9)

I0BS tag.  Three bits, 101, to allow use of'éher
10BS level of the IBM Input-Output Control System.
Record length, The number of machine memory
cells occupied by the record, less one, recqrded
as a 15-hit binafy number., v

10BS tag. Three bits, 010,

Empty. Nine bits, all zeroes,

10BS tag. The letter M, liollerith, six bhits.
FORTRAN tag. Three binary zeroes,

Record length. The number of machine meﬁory
cells occupied by the record, less tﬁo, recordéd
as a 15-bit binary number, .

Empty. Seventeen binary zeroes followed by

a binary 1. | |

Start of catalog. A single bit, 1 if this

is the first physical record after the first control

record of a catalog and zero otherwise,
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(10) Start of tape. A siﬁgle bit to mark the start
of a reel.
(1;) Start of physical record. Always a bxnary one,
f{li) Empty. Piftean bits,'all zeroes,
Items (1) through (%), occupying one memcry cell. supply”
the 10BS program with information it requires, Items (6)

through (8) db'the same for the FORTRAN input’prdgrém.

Neither of these programs 1s ‘used by the catalog-manage- j_m.

ment system, but provision for their use 15 relatively
inexpensive andlpossibiy advantageoue to some future uselr

of the text, Items (9) through (11) serve as end marks

‘for the catalog system when Lt reads tape from end to

buginning. :

. The record contro] suffix is eighteen bits, all z2ero.

Figure 3 shnws how the ‘data, with “their prefixes and.

suffixes, fit together to form a physical record, In every
record there are four 36-bit cells ahead of the first
datum, two between eyerf paif of adjacent data, and one at
the end, This layout is followed for every record. includ=
ing the control }ecord at,the'beginning of a tape. Only

the end-of-file mark is different,
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(Record gap)
!

Record control prefix ,

| Datum
__control prefix |

Dafum =

DS 1 pep

DCS | RCS

{ kecord gaop)

DCS: Datum control suffix

DCP: Datum control prefix

RCS: Record contral suffix

Record gop: Blank space behvaen
consecutive physicul
records

Fig.3---Layout of a physical record on tape



AL R

I LB Y g

A Gk SO, TR 0 M § e

ML LT g

-47-

4. WRITING TEXT CATALOGS®

We have observgd that the standard cavalog format will

rarely, if ever, be the first machine-readable form given

‘to 2 text. Recqiding on magnetic tape will be from

punched sources, usually cards or péper fape; It is
therefore 1né#itab1q'that at least part of any computer
program used for putting text intd‘the standard catalog
formht be written especially for the kind of punched
source used, 'Scholars~working with-texts in différent
languagesfand for differenf purposes will require their

own computer routines, though thesc need differ from the

 standard routines only in small details, Routines for

cnnvertiﬁg teletypesetter tape and the tapes used in

' printing books will differ more mdrkedly from standard,

Very spetial routines are requirod to convert Monotype

“tape for use as computér input; there are almost as many

conventions for recording text on Monotype tape as there

| -are for all the other media together.'~1n this section,

‘we shall see how computer programs can be designed to con-
vert punched text from a wide variety of sources into the
catalog format, the necessary changes being confined to

a very restricted part of the program,

A program to put punched text into catalog format must
be able to do two thinpgs: It must be able to substitute
for the character codes of the original machine-readable

text the proper sequences of flags, shifts, and character
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codes in the standard catalog format; and it must be ahlc-
to recognize the boundaries of entries, sections, divisions
and corpora of text and to label them correctly,

An investigator who punches all of his own text on"
cards or fapé can arrange to incorporate the l1abels he
needs at the appropriate places in the text. But'if'the
original coded material (e.g., teletypesetter tape) was
not prepared with computer usage in mind, labels will have
to be punched scparately and merped with the text by phé
routine which sets up the catalog. The routine must there-
fore be able to accept input from at least two soufces at
once, }f the new iext-is to be inserted into, or added at
the end of, an existing cétalog, then the exisfing catalog
must be read By thé'routiné. making é possible three inputs
at the samec time, ' |

New text, existing catalogs, end'lahels constitute the

three principal input channels of the program to bo doscribed.

There are also two auxiliary input channels: one to pro=
vide a set of pointers which establish the relationship
between new text entriés arriving on one input channel and
a set of catalog labels arriving on another; and the other
to provide corpus, division, section, and text descriptions,
We shall describe how these various input channels are used
in the following pages.

The text writer program must be prepared to accept

data in different formats from each of its different input
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"channels. Existing catalogs will, of course, always be

in the same format. Labels and pointers will be prepa-ed

by a given investigator and can readily be made to fit a

~ standard format, ,Deécriﬁtions will usually also he prepared

. by the investigator and there should be a standard method

of punching them, However, descriptions are so similar to
ordinary text entries that text-entry flexibility probably
should be extended to them, The text writing program has,

therefore, a central controlling section which writes the

"catalog., Data arerpéssedrto this controlling section hy

four more or less standard peripheral sections which read’
and convert existing catalogs, labels, pointers, and de-
scriptions, and a fifth peripheral section responsible
for reading and converting new text, This last sec;ion

of the program‘ called the keyﬁunchdd text reader (KTR),

is the only part which has to be changed to accommodate

different kinds of text.

4.1, A KTR for Punched Cards

The simplest application of the text writer prdgram'
is oné in which a text, speccially keypunched on cards or
paper tape to be put i;tq catalog format, is to be converted
and put on magnetic tape, In such an application, the key-
punching conventions can be dJdesigned to be as convenient
as possible, All necessary labels and descriptions can be
punched along with the main body of the text so that only

one of the input channels of the text writer program will

be required.
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Let us assume that punched cards are to be used as
the input medium. Punched cards have the property that each

of the 80 columns represents one character; there are no

"back=~space or underline codés which could result in the

number of columns and character positions getting out of
step. This makes it convenient to distinguish certain kinds
of informafion by the positions on the card where they are
punched, In this case, we shall set aside the first five
columns of each card for a simple serial number so that,
should the cards be dropped or mixed up in some other way;
they can be rcordercd mechanically. Five columns suffice
for 100,000 diffcrent numbers which is more than we are
ever likely to need. lowever, if the cards are numbered in
tens (00010, 00020, 00030,.,.) it will always be possible to
insert other cards in casc some are accidentally omitted
in the first punching or in case a correction results in
two cards where there was originally one. The KTR section
of the text writing program will check that these serial
nﬁmhers appear in nondecreasing sequence, Since it will
not check that the sequence is strictly ascending, the sure
footed and those with small amounts of text to punch may
leavekthese five columns blank. In any case, sequence
numbers can be inscrted automatically either before or after
the other columns of the cards have been punched.

Column 6 of each card will be left blank for the

moment except on the very last card of the deck which will
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be marked with «n "E" for "end." This column may later be
used for correcting and updating the text once it has been

put on tape.
Column 7 will show the kind of information the card:
carries, Corpus, division, and section labels will be

‘represented by the letters "U", "V, and "W", respectively;

their deséfiptions will be represented by "X", "Y', and
""z", Since text labels are short and occur frequently,
it would be inconvenient and wasteful of cards to punch
each one on a separate card. We shall therefore arrange

to punch text labels on the same cards as the entries

VT £ A BB 0 B WL e 4 R

themselves, llowever, there are instances where two or

more text eniries are covered by the same text label and

i
3
£
&
T

we must be sure that the entries are properly distinguished

on the cards, With this in mind, we shall put a "1" in

ST L+ AT S

column 7 for the first entry under a given label, a "2"

for the second, a "3" for the third, and so on. If the

e e

KTR finds two cards with the same text label and the same
number in column 7, it will assume that the second continﬁes
the entry begun in the first; if the labels are the same

but the number in column 7 is one higher than on the pre-
vious card, it will assume that & new entry under the

same label has begun, The ability to put more than one
entry under the same label will normally be used only for
interlinear text and therefore it will create no hardship

to limit to nine the number of such entries in this format.
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Each entry of text may bc accompanied by a description.
The description of the first text entry under a given text
label will carry the code "A" in column 7, that of the second
“B" and so on., In this particular input format, each'text-
description card is assumed to be a separate entry. With
these conventions, there is nothing to prevent a description
being provided for a text entry which does not exist. This
is less eccentric than it sounds because, if we were to use
the same card arrangement for making corrections to the
file, it might be necessary to insert or change a des-
cription while leaving unaltered the entry described,

The remaining 73 columns will depend on the kind of
information carried on the card. A corpus-lébe1>ﬁard,,
coded "U" in column 7, will have the 24~-character corpus
name in columns. 8 through 31 and the corpus notes in
columns 32 thrdugh 79. The first card (00010) shown in
the>examp1e (Fig, 4) is a cofpus-lubel card; the name of the
corpus is "MOLIERE'S PLAYS" and the notes remind the user
that-this text was put on tape on 10/2/64 and that the
tape was corrected on 10/17/64. Card 00020 in the oxample
is a corpus-description card, A corpus-description card
has an "X" in column 7, columns 8 through 13 are left
blank, and the description itself begins in column 14 and
may run to the end of the card; it is punched using the
same character-encoding conventions as for the body of the

text, Columns 8 through 13 are left blank in order to
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GC010
VC02¢C
v0030
00040
CCosC
00ue0
0COTy
00080
Q.090
0G120
or110
00120
ocl3e
OCihO
90180
00160
00170
00180
00G190
vigul

G021v

w53

UMOLIEREtS PLAYS. 1072764 CORRECTED 1Q/17/64
X 2OXFORD 3EDITIONS

VP1
WAl

1TBOOU104LE BOURGEDIS GENTILHOMME 4.

IMBOOU204ACT ONE4e

11BUOUA04SCENE .ONE4 s

1DBOOU4CIL 'OUVERTURE SE FAIT PAR UN GRAND ASSEMBLAGE
10B0G0SD,INSTRUMENTS+ ET DANS LE MILIEU DU THSETATRE ON
10BUOVGVOIT UN SEL6EVE DU 3MATITRE CE MUSIQUEs QUI COMPOSE
1DBOOCTSUR UNE TABLE UN ATR QUE LE 3ROURGEOTS A DFMANDSE
10BOOLBPOUR UNE S5ERSENADE e -
1PBCOUIO4MATITRE DE MUSIQUE 4.

1DBCO1OPARLANT 6A SES MUSICIENS.

1BBCO1193VENEZ, ENTREZ DANS CETTE SALLEs ET VOUS REPOSEZ L&A EN
18BO012ATTENDANT QU'IL VIENNE.

1PBOO1304MATITRE 6A DANSER%.

10BCO14PARLANT AUX. DANSEURS.

1BBOO1S03ET VOUS AUSSIs DE CE CT0TSE.

1PBCOLONAMATITRE DT MUSIQUEG

10BOO176A LSELASVE.

1BBUOLIBO3EST-CE FAITS

Fig. 4 - Example of Punched-card Text Format
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make description cards as nearly as posﬁible like ordinary
entry cards, which will have a label in this space,

A division ﬁame is composed of only two characters,
and these are punched in columns 8 and 9, immediately
following the FG" in column- 7. The remaining columns of
the card are available for notes., In Fig., 4 (card 00030),
the beginning of one division, called "P1", is shown.

There are no notes associated with it, Section labels are
similar to division labels--two characters of section name
in columns 8 aﬁd 9 followed by notes. Text entries and
their associated descriptions are provided with sixecharac-
ter text labeis which are punched in columns 8 through 13.
The first character of a text-entry label declares the type
of the entry (see Sec, 3, Table 11) and the other five
characters are an arbitrary name. Thete are text entries
of six types shown in Fig. 4, Card 00050 carries a title

and has a "T" as the first character of its label, i.e.,

"~ in column 8, Card 00060 gives the act in the play which

is regarded as a "major section heading" (coded "M"

in column 8). Scene headings (as card 00070) are marked
""" for "intermediate section heading.'" Each speaker

is announced in an entry with column 8 tag "P", and "D" is
used for the stage directions. The remaining text entries
constitute the body of the text and are marked with a "“Bj"
in column 8., There is, of course, no obligation to punch

the title at all, or it may be put more out of the way as



description, If it is included in the ordinary text entries,
it will always be treated as text by the computer., If it is
included as descriptive material, it can more easily be
passed over when the text is processed., llowever, this is
largely a matter of taste. PFigure 5 summarizes this card
layout,

In the example given in Fig., 4, we have assumed a

corpus consisting of Moliére's plays, Each division might

AT A T e R TN ST NG €m0 e ey L v m e e e s

be a different play and each section a different act or

scene, Nothing of importance turns on these decisions,

§
b
P

which are on a par with the decision as to whether an act

-should always start at the head of a new page in the book,

ERRS STESRY L Y Ry

So much for the card layout, We must now take up

e

the question of how the text itself is to be encoded, Of

all the characters available in the various alphabets

L)

(see Scc, 2) of this catalog system, only a few can be expected
to occur in any given text, and e§en fewer with any frequency,
Furthermore, not all the frequently occurring characters

can be expected to belong to the same code alphabet, Fonr
example, characters from the punctuation and, possibly, the
boundary alphabets will occur fairly freguently in English
texts, whereas the diacritics of the Roman alphabet will

be fairly rare. The most desirable solution would be to

allow the keypuncher freedom to assign each of the 48
lipllerith characters to g symbol which occurs frequently

in the text he happens to be working on., These assignments
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would be taken to hold except when some special device was
used to indicate a departure from them. If 47 of the
Hollerith characters were assigngd to frequent symbols,

i ) ' then fhe 48th could be used as this special device; other-
wise one of the 16 codes which ha§e no corresponding 7
: Hollerith character could be used for this purpose.

P _ In the example in Fig, 4, the text was in French so

1 ‘that five of the diacritics are needed, The cedilla occurs
{ _ only with "¢" énd the two can therefore be combined for

‘ keypunching purposes, The diaresis is not frequent in

: ~ Prench, but it is tidy to include it with the other accents

and there is room for it among the 48 characters available,

In many texts, the beginnings of sentences will not be

marked; however, they are marked here if only to make the

ST

example more instructive, Capital letters are used for
proper names and at the beginnings of sentences, and a simple

way of showing capitalization is required, Also, there are

M I T T T T e

occasienal stretches of text, such as the headings of the

speeches, which are all in capitals, Where a word begins

with a capital, there is no real necessity to use boih an

up and a down shift; one character placed before the affected
letter should be sufficient, On the other hand, the use of
this character before each of the letters of a capitalized
word would be cumbersome., The solution is to have t&guﬁethods
of indicating capitalization, One Hollerith character,

3" in our example, is used for "short" capitalization;
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it affects only the immediately following letter and,
therefore, requires no down shift, Another character, "4",
is used for "long" capitalization; its effect continues

until cancelled. It is not necessary to commit a third

~ character for cancelling long capitalization; the same

character, "4", can be used again in this function without
ambiguity. |

Table 12, which shows KTR Table 1, gives most of the
assignments of text characters to lollerith chafacters for
keypunching the French in the example, the remainder are
given in Table 13, which shows KTR Table 2, The characters
found in the original text are given in the column headed
"T", and the characters punched into the cards are given
in the column headed "P". The remaining two columns must
now be explained.

We have made some liberal assumptions about the KTR
routine Qe are describing, If the keypuncher is to be left
free to assipgn intarpretations to the Hollerith characters
as he will, he must also have some means of conveying to
the KTR routine what assignments he has, in fact, made, -

He can do this in only one way; namely, by punching some
other cards which the KTR routine will read before it
encounters the text and which contain the necessary core
respondences, The columns headed "P", "N", and "I' contain
all the information that need be punched into these cards,

Consider the first entry in Table 12. Column P tells us
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that an "a" in text is to be punched as '"A". Column N
says that the next character in the tex:t is also tu de in-
terpreted by reference to this table (which will be KTR
Table 1 from the computer's point of view,) The "RA" in
column 1 indicates exactly what must be put on ta-e; namely,
the character represented by a Hollerith "A" in the Roman
alphabet (see Table 3 for Roman alphabet). The "g" is to
be punched as "9" and, once again, the following character
in text is to be interpreted by reference to this same
table, The representation on tape is shown as "R,RC",
that is, the Roman alphabet flag, if necessary, the charaCf
ter in the Roman alphabet represented by a Hollerith ","
followed by the character in the Roman alphabet represented
by a Hollerith 'C". |
Take, now, the case of a capitalized word orj;equence
of words, Such a sequence is preceded by a '"4'" on the
punched card, which is the code adopted for long capitalizg-
tion., This is a very special kind of code because it
influences the interpretation of an indefinitelyrlong
sequence of codes which féllow it. Thus, the punched "“4"
signals a complete change in the table used for interpreting
the succeeding punched characters. »Thus, in Table 12,
opposite "Long cap." in column T, we find a '"4" in column P
and a "2" in column N, This "2" means that XTR Table Z is
to be used for interpreting punched characters from this

point until further notice, KTR Table 2 is similar to
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KTR Table 1 except that it allows rather few codes, For

example, we have taken the view, however arbitrarily, that

all punctuation is lower case; it therefore does not appear

in KTR Table 2. The code for "beginning of sentence" is
in the boundary alphabet (see Table 9), and we are allouing
for the possibility of a beginning of sentence in l.Cap-
italized sequence. In order to do this, we must first
record the beginning-of-sentence code with the appropriate
alphabet flag, and then return to upper-case shift in

the Roman alphabet., This accounts for the sequence of
four characters in column I. Finally, the character
punched as "4" has an entifely different interpretation

in this table. It now means "shift into lower case."
Accordingly, it causes the shift terminator, '"9" in the
Roman alphabet, to be recorded.on tape, and 1ndicates-that
KTR Table 1 is once again to be used for interpreting
succeeding punched characters,

It will now be clear that in both KTR tables the
characters in column I come in pairs; the first of each
palr specifies an alphabet flag and the second a character
1n-that alphabet., If nothing appears in this column, then
nothing will be recorded on tape; if an alphabet flag
appears with no character following it, a blank will be
recorded on tape. Thus we are sble to specify all the
characters in all the code alphabets and to distinguish

the blank from total absence of a character while using

B TP N
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only the 48 symbols that can be keypunched., It need not

be supposed that, becauée we show an alphabet flag before

each substantive character in column I, these will all be

written on tape., The program will ensure that only
necessary alphabet flags and shifts are actually recorded.
One important facllity of this KTR still remains to

be explained., What is to be done if, from time to time,

"a character must be punched which, although it can be

represented perfectly easily in the tape fotmat, is not
provided in the tables constructed for the job on hand.
For this purpose, the ppnch codes "AR", MACM. M"aGM etc,,
have been provided. "#G", for example, causes the Greek_ 
alphabet built into the system to be used directly; the -
Greek letters are represented by the Hollerith codes given'

for them in Table 5. If it was required to punch a tilde,

~which is in the Roman alphabet in the system but not in.

the alﬁhabet Qe have been using for the French example,
it would be sufficient to punch "*R§" (see Table 3). The
codes "%G", or "*R", etc., must be repeated before every
character to which they apply.

The KTR routine we have been discussing is one which
will be implemented on the IBM 7044 computer, It is
designed to allow great flexibility, but, as always, this
comes at a certain cost. A simpler routine would Eonfine
its user to & more rigid set of coding conventions, but

would avoid the necessity of setting up'detailed tables,
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-On the other hand, it is undoubtedly s great deal simpler

to construct tables of the kind we have described than to
write, or have written, a special KTR routine for each par-
ticular job. Clearly other routines of equal or greater
flexibility could, and doubtless will, be written for

punchéd-card as well as other input media.

4.2, Punched Paper Tape
In the KTR which has been described, two methods have

been used for distinguishing different kinds of informa-
tion, card layout and chiracter codes. To a considerable
extent, it is possible to barter these against one another.
If a serial number. is to be useful fop sorting punched
cards into order when they get_into disarray, it must be
always in the same columns, but all the other information
could have beenrpunéhed ényyhe;e on the cards and dis-

tinguished by character codes. "$E" might have been used

to separate entries, "$§S" sections, and so forth. The first

six characters following an'entry separator might be under-
stood to be a text label, Conventions of this kind are
usually best avoided with punched cards because distinc-
tions based on position on the card are particularly easy
for both liumans and computers to make, and because the
character set is already severely enough restricted without
pre-empting other character combinations unnecessarily,

The method of distinguishing types of information by

position is also simple to use with paper t:pe, In this
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case, positions are referred to-not by column number but

by counting character positions from the last line-feed.

A character position is not necessarily the same thing

as a row of holes on the tape itself, and in this respect,

paper tape is different from punched cards. Character

'positions get aut of step with paper-tape codes in a way

they never can with card columns. This arises in three
ways: (i) When a wrong character is punched in'paper tape,
it is converted by the typist into a "delete code" which

is ignored by'all machinés which process the tape, including

" the computer, (ii) When the shift key is depressed or

released, a code is punched into the tape which, however,
does not account for a character'position. (iii) Paper-
tape machines are sometimes equipped with a back-space

key which causes & code to be punched, This gives it the

7 capability of reiurning to character positions for which

Fodes have already been issued and either issuing new
codes by overtyping the old symbol or modifying what is
there by underlining or adding diacritics, '

The result of all this is that a given line of typé
can be produced in a variety of ways, each resulting in
a different sequence of codes on the paper tape, A word
can be underlined by first typing the whole word, then
back-spacing over it and typing in the underline. The
underline can be typed first and then the word. Each

letter can be typed and underlined before going on to the
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next. The number of variations is endless, but the final

result is the same, It is impossible to tell by inspecting

- the typescript if the typist spent some time between a

certain pair of characters depressing and releasing the
shift key; yet the paper tape records all these mdves.

A well designed KTR-~or any other computer program--will
reconstruct on the evidence of the punched codes the line
of type on the hard copy. This it can do by "imagining"
where the carriage of the typewriter would be placed as a
result of each move. This reconstructed line would then
serve as input to the KTR proper and could be treated it -
every way like the punched card. With this device, it is
possible to make qorfections by simply backespacing over
the offending characters and typeing corrections on tdp.
Underlining and the insertion of diacrities can be done
in any way that suits the typiét short of aﬁtqully man=-
handling the carriage, a recourse which, since it is essen-
tially hidden from the computef, can only confuse it,

We have mentioned that punched paper tape takes
various forms and comes from various sources; in particullf,
it is produced as a by-product of certein printihg pro~- ’
cesses, A tape of this kind requires a special KTR to
handle the special codes and conventions used for dif-
ferent fonts, type sfyles, etc, But there are also other
problems which arise., An investigator who gets access to

these tapes typically finds himself confronted with a
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large cardboard box into which the tape has been allowed
to fall after running through the printing machine; but
for the investigator, the box and its contents would have
been thrown away., A KTR is written, and éach length of
tape is put on magnetic tape as, #ay, a.ﬁeparate section in
8 text cataiog. Since the original order of the tapes is
not known, they are taken in ény order and the sections
are given arbitrary names--sequence nqp?qy; yill 40._‘
Now the tape is printed using a standard text-catalog

printing program. We assume that the investigator has a

hard-copy version of the text at hand. Using fhis: he

can prepare a new set of labols for the ;éctions which

will be in ascending num;}ical.(or'alphabeticnl) order

" when the text is properly ordered, He now has the text

writer program read the text catalog from one of its

“channels and the new labels from another. The origingl

labeis ére replaced by the new onéé.. A standard sort

"progtam cus now.be used to put the sections of text in

order using the_new labels as keys, This may be the final
form of the text catalog, or it may be neces#ary'tq ree
labgl a second time if the investigator requires a par-
ticular set of labels which will not be in aécending order
in the final catelog, This is one of the many uses to
which a multi-channel text writing program can bé put;
others include merging catalogs, revising anq correcting

catalogs, extracting examples of particular kinds of
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occurrence from a text and writing them as a separate

'catalog and adding descriptiens. Separate manuals will

describe the details of how these operations can be per-

formed with particular programs,

S, PRINTING
Text in the standard format must be printed from time

to time to be proofread and corrected, to verify the
intermediate results of a process, or to display final
results; it must be printed if only to provide the
investigator or librarian with an exact record of what

he has on the tapes. As with the other processes we have

' mentioned, printing requires a computer program, and the

particular programs used will vary considerably with the
purposes go be achiéved by printing. Either the emphasisi
is on showing character-for-character what is on the
magnetic tape, or it is on producing a presentable copy
for publication or circulation among colleagues,

It may not be immediately apparent why there should
be these two points of view on printing. Surely, if feal
distinctions are nade in a text which are worthy of pres-
ervation on magnetic tape, thev must be made again when
the text is reproduced; otherwise they are otiose., How- ;
ever, texts, or selections from texts, are printed for
differing purposes and in different styles, If a list

of the different words in a text is prepared, possibly with
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frequencies or other incidental information, the distinec-
tion between words with initial capital and those entirely
in lower case is unlikely to be interesting; what is re-
quired is a standard style: all capitals, all lower case,
or all with initial capital., As with capitals, so with
italics, bold face, and other distinctions of type font.
Consider also the case where citations are being printed
to exemplify certain words or phrases, say one sentence
for each citation, Here, upper and lower case should
probably be preserved, but, for ease of reading, it may be
convenlent to capitalize or underline the cited forms,
Another reason for considering different printing
conventions comes from the equipment generally available
for printing. It is indeed the case that the output of a
computer can be made indistinguishable from that of a
high-class printing shop., It is not, as many believe,
necessary for computer results to lbok like cold, squarely
mechanical telsgrams from a remote electronic god{ Very
few will be able to pay the price of special equi*mént
capable of printing a very large budget of syhboli in a
large variety of sizes and type faces, and even thoserwho
can will find it uneconomical for anything but thL fiﬁél
results of a major enterprise, All intermediate,iand
most final, results will continué"for many years to be
produced with more modest machinery.
The most common computer printing devices are capable

of printing the same 48 Hollerith characters that appear
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on the keyboard of the card punch, A relatively simple

'mndificntion to some of these, notably the IBM 1403

printer, ensbles them to print somewhat enlarged character
sets; 120 or even 240 are possible on this machine at some
cost in runniﬁg speed, It is usually a trivial matter to '
replace the 48 standard characters on an ordinary machine
by any other set of 48, and the characters of the enlarged
sets can be chosen fféely. However, neither of these

expedients comes near to providing the flexibility that we

have allowed in the text encoding scheme, It was, of course,

worth allowing this flexibility against a possible eventual
use of more powerful printing machines and, what is more
important, agéinst sophisticated machine processes which
can take advantage of all the distinctions in the original
text.

The:problem, then, is similar to that en;ountefed in

keypunching text on a machine with oﬁly a small set of

~characters, Sometimes the difficulty can be overcome by

| dropping certain distinctions, as for example when a vo-

cabulary list is printed all in capitals and without
punctuation or diacritics., This can be useful for many
purpos;s. But cases also commonly arise where everything
on the tape must be represented on the printed copy. An
obvious one is proofreading. If a cerrection is made on
the hard copy produced for proofresading, this correction

must be keypunched and presented to a progranm thch will
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modify the tape, Clearly, the hard copy must contain
everything the keypuncher must know in order correctly to
reconstruct the catalog entry. In other words, the copy
musf be such that it would he possible to keypunch the '
text from it and arrive at exacily the same text catalog

on tape as was produced from the 6rigina1.

5.1, A Standard Printing Scheme

Many of the devices used for keypunching can conven-
iently be taken over to the priﬁting process. The charac-
ters which occur most frequently in the text are each
assigned one of the symbols on the printing device, The
correspondence set up in this way is assume& to hold
except when overridden“by_a speciai signal. A special
signal takes the form of an alphabet flag or shift charac-
ter which modifie§ the interpretation of all following
symbols up to another special symbol. The special symbols
can be distinguished from other symbols more clearly in
printing than in keypunching if two lines of print are
made to stand for cne in the original text, The substantive
text characters appear on alternate lines so that tﬁe spaces
above them are always blank. An alphabet flag or shift
is representsd by a character on the upper line with a
space on the line immediately below. Suppose that the

following line has been encoded in the standard format and

wrieten on tape:
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The Greek uhtnp comes from the same root as the

Russian Mares.

This might be printed on a machine equipped with only the
48 Hollerith characters as:

19 19 G G )

T HHE G REEK M(YTYR COMES FROM THE SAME ROOT AS

109 c1 9 ¢C
THE R USSIAN M AT!

Using a machine with a large character set including, say,
upper and lower case Roman lotters and accents, it might
appear as:

G G
The Greek mytyr comes from the same root as the

N c C
Russian Mat'

The first two words, "The Greek," are in the Roman alphabet,
and no special symbol is needed to show how they are o
supposed to be interpreted. Most lctters appear in lower
cﬁse, and it is therefore understood that the upper Ca§9
leitoers printed by the 48-character device should bertaken .
as representing lower case except when preceded by the
shift character "1" on the upper line, Upper and lower
case shift characters are not printed by the device with
the larger character set because it is able to show these

distinctions directly. The Greek word "untnp" appears
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in transliteration in both casés because we are assuming
that neither printer is equipped with Greek characters,
The fact that it is a transliteration, and from what
alphabet, is shown by the two G's on the upper line which
serve as a pair of brackets round the transliterated
sequence, The same device is used for the Russian word

"Mar: ",
This example would have been different if the original

had read:

L

The Greek méter comes from the same root as the

Russian mat'
With the 48-character printer, this would appear as

19 19
T HE G REEK M~(ET-LER COMES FROM TIIE SAME ROOT AS

19 '
THE R USSIAN MAT'

Here the transliterations are part of the original; no slpha-
bet flags are needed because nothing but Roman letters and
diacritics are used. The output of the second printer

would be

The Greek m&“t&r comes from the same root as the

Russian mat'

In this example, we are making the realistic assumption

that the device will be capable of printing only one
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diacritic over a letter; others must precede or
follow, |

The conventions required for printing a Russian or
a Greek text would clearly be different. The best solu-
tion would be to use a printer with R Qsian or Greek
characters and to transliterate symb yé'from other alpha-
bets when they occurred. When this-q& not be done, &

more usual printer can be used with a/different sst of
cfers are to be inter-

standard conventions about how cha
preted in the ahsence of alphabet lhgs. The Roman
characters would normally be undersitood to be translitera=
tidns except when explicit "R" appe@red on ihe upper line.
In most cases, a single investigator will work only

with one kind of text so that, onceihe has established
his conventions for keypunching and pr%nting. he will not
need to change them again, However, ié a large center

where there are many different kinds of ‘text, or where

several individuals are using the services of the same key-

punch operators or proofreaders, some care must be taken to

see that the various sets of conventions do not become
confused, In these circumstances it is desirable that a
printing routine be capable of printing as part of each
batch of output, what conventions it is using. In other
words, it should be able to read from cards or some other
input medium tables similar to those used to specify key-

punching conventions (Tables 12 and 13), tou use these in

L e S TR
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preparing the printed output, and to print them on that

output so that the intepretation will always be clear,

5.2, Page Layout

We have consistently taken the line that repetitive
operations should, wherever possihle, be carried out by
standard computer routines whose internal workings need
not concern the individual user, Printing is an ohvious
example of such an operation and, accordingly, we have
sketched some featurcs of a general printing program,

This is the program used on the IBM 7044 computer at RAND,

The principal routines involved can be used as subroutinces

*in any program which produces printeﬂ output and not only

to prepare a copy of a connected text. They are therefore

‘provided with facilities for arranging information :on the

page in the way the user requires, for furnishing pané
headinps and numbers and the like,

The printing routines prepare output in units:cailed
rows. A row may comprisc several lines of print, though
the number will usually not be very larpge. In pgeneral,

e row is divided into»columns whose number and width on
the printed pa&e is specificd-hy the program using the
routines, that 15, by the user. In many instances,lfor
example when a straoightforward text is bcing printeé, a
row will consist of a single line of print and there will
be a single column which fills the entire page, If each

line is identified with a label, then there would be a
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small column for the label number, and a large column
occupying the rest of thc page for thc text itself,
The number and width of columns may vary from row to

row., Lach variant is specified by a format statement which

is nothing more than a sequence of numbers giving the widths
of succeeding columns, Before the preparation of a row

of print begins, the printing routines must be suppiied

with the format statement to he used for that row, Data

are then suppiied piecemeal, each with an indication of the
column into which it is to be put and the tables to be

used for transliterating it, It is thus possible to print,
say, Greck, in one column according to onec set of conven-
tions and English in another according to another set,

The data in'u piven ¢olumn may be accumulated in
various ways, &Suppose that a bilinpual dictionary is belng
printed; we may assume that it has been complled by
oxamining some quantity of parallel text, Let ohe‘langunge
be Russian and the other English., There will be two
fairly wide colunns to accommodate Russian and English
words and phrases, The transliteration tables will be
different for esch of these, Two more columns Qifl
accommodate some grammatical information about the words
and phrases: this will be a code of a few letters giving
the part of.speech. Finally, there will be a column for
recording the number of times each Russian-English pair

has been found in the text. An entry in the dictionary
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will have information in all of these columns and will

be one row of print. The data for the various columns
may be supplied by the user's program in any order and:.we
may return to & column to which'infdrmation has already
been supplied as often as we wish, Russian words will
begin at the left-most margin of their column and extend
as far to the right as necessary; the rest of the column

will be left blank. From time to time, & phrase will

occur which is too long to fit in the column. It must

therefore be broken at the last space which can bé fitted
on the line and the remainder uscd to hegin'a now liné.
This will continue until the whole phraso is accommodated.
Lntries in the Lnglish column wiil he handled in the same
way. A given Russian word or phrasa may have more than
one Lnglish correspondent, and these must he set off from
one another. To provide fof this, the printing routines
allow the program which uses them to specify, when provid-
ing data for a column, that it must bepsin on & new 1line.
The user is, of course, also free to supply a line of
blanks to separatec items,

A Russian or English word or phrase may, let us
suppose, have several part-of-speech codes and these are
to appear under one another in a ¢olumn, In this case,
the printer must be instrucrcd to go to & new line, not
after the last space it can accommodate on the current

line, but at every space. This is one of the options pro-
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‘vided by the routines. The column giving thc number of times

a Russian-Enﬁlish pair has been found in text must also
have nu more than one item on a line, liowever, in this
case the items are all numbers and we shall want to follow
thé\;onvention of justifying thcm to the right so that
digits with the -same place value fail under one another,

Therefore} when these data are sent to the printing

‘routines, it is with an instruction to place them, one on

a line, at the right of the field.

-There are other instruqtibns which may accompany

“data to the printer. In the examples we have considered,

a long item is split up into as m&hy 1ings as are needad
to accommodate it in the field it islﬁiroctod to. Some-
times, however, we may wish to print ﬁn item only if {t
will fit on the cufrent line and othérwisc to prescrve
it for a subscquent roﬁ ar discard.%% entirely, When a
simple copy of a text is hcing-proqﬁced. for instance,
we may wish to fit as muny words on a line as will fit
and kecup the rest for suhscqucnt:lines. This is exactly
what would happen if the eﬁtire toext were printed as a
singic row with the instruction to go to a newvline when-
ever all the characters up to the next space cannot be.
fitted on the current one. liowever, there are practical
limits to the size of a single row which come frem the
fact that it occupies space in the working a:ca of the

computer while it is being assembled. It will rarely be
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practical to print rows representing a whole page of print
for this reason; The facility of intérrupfiné the flow

of information to the printer when the end of & line has
been reached is theréfo}e provided.

Bach time a row is printed, the paper,advénces a .
certain number pf lines, This number is, in fact, the
greates% number of lines filled in any column in the row,
Unoccupied ;inés §n the other columns are left blaﬁk and
the next rowv begins yith the next completely free line |
on the papéf, Having printed a row, the user, or his
program, may need to know how much space remains on the
current page in order that he may decide whether to go to
the next before printing the following row, and. for this
reasonrhe'is supplied with a running count of the place he
has reached on the page.

When he goes to the next pape, he will often want
to start by printing a heading, llcadings are like other
rows of print except that they typically usé their own
format statement and the information they contain is
largely the same from one use to tﬁe next. The page
count will he different on each occasion, and a title or
subtitle may change from time to tihe, but changes will
be relatively rare. It may also happen in the body of
a page that the information in a certain column will
remain unchanged for a number of rows., To meet this situa-

tion, the printing routines can be so arranged that the
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information printed with a given format statement will

always be as on the previous occasion except in those

~columns where it has been explicitly changed. Thus, in

the case of a page headiﬁﬁ; the column where the page X,
number is printed’will be changed each time the format \
statemeng'is used whereas the remaining information will
hbrmallyvnot be changed.

The printing routines we have deséribed were dosigped
for great flexibility both in tho kinds of text they c;ﬁ
handle and the printing devices they can seTve. llowever,
we do not suppose that every possiblo need will be filled
by these roﬁfines so that no others will OVef have to he
written, In any case, these, like all the other routines
wo have discussed, will have to be reccoded for differont
makes and models of cémputers. Ne hope that these routines
will serve most needs, particularly in tr n»rinting of

intermedinte results not intended for publication,



